Objectives-The purpose of this study was to examine the feasibility of an optical see-through head-mounted display (OST-HMD) to improve ergonomics during ultrasound-guided fine-needle aspiration (FNA) in the neck region.
F ine-needle aspiration (FNA) cytology plays a central role in the initial investigation of head and neck tumors. [1] [2] [3] [4] Ultrasound-guided FNAs have replaced palpable FNAs because of the clear visualization of masses and better adequacy rates. [5] [6] [7] [8] During the procedure, the ultrasound machine is generally placed next to the patient, and the practitioners must alternately check the procedural site and the ultrasound monitor by twisting his or her head or body ( Figure 1 ). These contorted movements have been reported to cause pain and discomfort, 9 and repetitive turning of the head may lead to unintentional hand movements.
An optical see-through head-mounted display (OST-HMD) grants practitioners a floating screen right in front of their eyes and a hands-free environment (Figure 2 ), which can lead to better ergonomics in restricted workspaces. We previously reported an ultrasound-guided procedure with an OST-HMD in an experimental setting. 10 The use of the OST-HMD enabled practitioners without any experience with HMD to perform no head-turning punctures through in-line positioning of the screen, a transducer, hands, and a needle. Although OST-HMD appears to be feasible and ready to be applied to ultrasound-guided interventional procedures, there are no data comparing a modern OST-HMD with a normal ultrasound monitor in a real clinical setting. The purpose of this study was to investigate the feasibility of ultrasound-guided FNA with OST-HMD in a clinical setting. Figure 1 . Photograph of ultrasound-guided FNA without or with OST-HMD in a mock patient. Upper and lower-left images show that the practitioner is turning her head to the ultrasound monitor to view the image during the procedure. The practitioner is not able to see the probe, needle, and her hands. Upper and lower-right images show that the practitioner wearing an HMD can view both the procedural site and a real-time ultrasound image without turning her head.
Materials and Methods

Study Design
We conducted a prospective randomized controlled study of patients with neck tumors to be examined with an ultrasound-guided biopsy. The study protocol was approved by the institutional ethics committee, and written informed consent was obtained from each patient before enrollment.
Patient Recruitment
Patients undergoing an ultrasound-guided neck biopsy as part of a standard examination were recruited at the outpatient practice of an ear, nose and throat (ENT) department between August and December 2015. Patients younger than 18 years of age and those who refused or were unable to give consent were excluded.
Randomization
After enrollment in the study, patients were randomized into either a standard monitor or HMD group in a 1:1 allocation ratio. Randomization was achieved by an independent observer who drew a card from a sealed envelope that indicated which type of monitor each practitioner would use.
Fine-Needle Aspiration Procedure
After obtaining informed consent, patients were placed in the supine position, and the neck was rotated based on the practitioner's preference. An ultrasound examination of the neck tumor was performed on all patients.
Ultrasound-guided FNA was performed by either of the two ENT surgeons (M.T. and M.M.) with extensive experience in ultrasound-guided FNA. A 22-gauge, 70-mm needle was used to perform the FNA, which was guided by a Toshiba Aplio 300 (Toshiba Medical Systems, Tochigi, Japan) ultrasound machine with a 7.5-MHz PLT-704SBT linear array transducer (Toshiba Medical Systems, Tochigi, Japan) coupled with an UltraPro II Needle Guide (CIVCO, Kalona, IA).
The ultrasound monitor was positioned to the right of the patient (Figure 1) . Depending on the location of mass in the neck, the ENT surgeons in both groups performed the procedure either on the left or right side of the patient.
In the ultrasound monitor group, the ENT surgeons performed FNA along with observation of the ultrasound monitor without wearing the HMD (Figure 1 , left). In the HMD group, the surgeons performed FNA while wearing the HMD (Figure 1 , right). The surgeons allocated to the HMD group were allowed to look at the ultrasound monitor when they thought observation was necessary. The real-time images of the ultrasound monitor were wirelessly transferred to the HMD as previously described. 10 A commercially available binocular OST-HMD (Moverio BT-200, Seiko Epson Corp, Nagano, Japan) was used in this study. The image of the ultrasound machine was transferred to the mirroring adaptor via an analog-to-digital converter, and then transmitted wirelessly to the HMD with a direct peer-to-peer Wi-Fi connection. The total cost of the HMD and mirroring adaptor was approximately 60,000 Japanese yen. The image of the HMD is viewed on a 40-in. screen appearing at a distance of 2.5 m in front of the wearer. The virtual screen of the HMD was placed just above or below the procedural site according to the practitioners' preference ( Figure 2 ).
After one to three passes, trained cytotechnologists processed all specimens using the ThinPrep (Hologic Inc, Marlborough, MA) technique. The slides were stained by a modified Papanicolaou method, and were read and categorized as either satisfactory or inadequate by a cytopathologist.
Data Collection
We collected data about the patients' age, sex, size of the mass, and location of the mass through interviews and chart reviews before the FNA, and the sample adequacy was documented after the FNA. During the procedure, an independent investigator evaluated the total procedural time, the time spent viewing the ultraound monitor, the number of times that the ultrasound monitor was viewed, the number of needle redirections, and any complications. The total procedural time, the number and time of ultrasound monitor viewings, and the number of needle redirections were measured from the puncture of the skin to the withdrawal of the needle after aspiration.
After performing the FNA on each patient, the practitioner was asked to complete a questionnaire regarding the following parameters: (1) difficulty of FNA, (2) tumor visibility, and (3) needle visibility. When the surgeon was allocated to the HMD group, the following parameters were also evaluated: (4) wearability, (5) physical fatigue by the HMD, (6) visual fatigue by the HMD, (7) desire to see the ultrasound monitor, (8) desire to use the HMD again, and (9) any positive or negative aspects of the OST-HMD. Questions 1 through 8 were five-level evaluation questions; question 9 was a free question. An independent researcher then analyzed the results of the questionnaires.
Statistical Analysis
The significance of the differences between the groups was determined by student's t-test or the nonparametric Mann-Whitney U test for continuous variables, as appropriate, or the v2-test for categorical variables, and P < .05 was considered statistically significant. All statistical analyses were performed with Stata, version 11.0 (Stata Corp, College Station, TX).
Results
Thirty-three patients were enrolled in the study ( Figure  3 ). One patient was excluded because of being younger than 18. A total of 32 patients were successfully randomized into two groups. None of the data were significantly different between the groups. Table 2 lists the results of the comparison of each group and the first three questions completed by the participants for both groups. Among the 27 procedures in the HMD group, there were only two head turnings to view the ultrasound monitor while performing the procedure. The total time of the procedure in the HMD group was shorter than that in the ultrasound monitor group, although the difference was not significant. There was also no statistically significant difference in the number of needle redirections. The nondiagnostic rate was 12.5% (2 of 16) in both groups. One patient in the ultrasound monitor group reported a slight pain in the neck just after the aspiration, which spontaneously resolved a few minutes later. No other complications were noted. No significant difference was observed in the difficulty of the procedure between the ultrasound monitor and the HMD groups. Participants answered that the image quality of the HMD, with regard to the visibility of the tumor and needle, was similar to that of the ultrasound monitor. Questionnaires for the HMD were answered in the HMD group and are given in Table 3 . The HMD had acceptable wearability with less physical and eye fatigue. No motion sickness or dizziness during the procedure was reported. Both ENT surgeons preferred to use the HMD again. In the free question, there were 15 positive and 9 negative comments. Eleven positive comments were associated with improved ergonomics. For example, it was easy to mark the skin to enter the needle, or there was no need to turn the head from the time of puncture to removal of the needle. Four positive comments were related to good image quality, including a short time lag. In contrast, there were five negative comments related to wearability, especially regarding the difficulty in looking at the display when the HMD slid a little down the nose. Two negative comments pertained to poor needle visibility. Two other negative comments pertained to the time lag when the needle was moving.
Discussion
This study showed the feasibility of an OST-HMD for ultrasound-guided FNA. The ENT surgeons safely performed FNA in the neck region without turning the head to look at the ultrasound monitor. Furthermore, the practitioners reported acceptable wearability and image resolution, and answered that they would like to use the system again.
The advent of wearable technology has been changing HMDs from being cumbersome and expensive to being lightweight, inexpensive, and high-tech devices. Although several types of HMDs are commercially available at present, the binocular OST-HMD is characterized by allowing an image to be overlaid on the actual view in front of the wearer. 10, 11 This characteristic of the OST-HMD is considered to be suitable for image-guided interventional procedures, as wearers can see their hands, the procedural sites, and the images while simultaneously viewing the monitor, without turning their heads.
In the previous study, we demonstrated that the use of an OST-HMD improved practitioners' ergonomics during an ultrasound-guided central venous catheterization in a simulation setting. 10 Participants reported improved hand-eye coordination by in-line projection of ultrasound images onto the puncture site.
Nishimoto et al also reported that the use of an OST-HMD can be applicable in indocyanine green lymphography during lymphatico-venous anastomosis.
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The surgeon was able to see the infrared imaging and detect lymphatic vessels in the surgical field without turning his head to view the monitor. However, data for assessing this new type of OST-HMD compared with a normal monitor in an image-guided procedure in a clinical setting are limited.
In this study, we compared the feasibility of the OST-HMD with a normal ultrasound monitor in ultrasound-guided FNA in the neck region in a clinical setting. Patients with a neck mass were divided into two groups (the normal ultrasound monitor group or the OST-HMD group), and the ENT surgeons performed ultrasound-guided FNA by viewing the indicated display. In most sessions (25 of 27) in the HMD group, a series of procedures from skin puncture to FNA was achieved without head rotation, which is consistent with our previous result in a simulation. 10 Results from the questionnaire showed good wearability and low fatigue, as well as the surgeons' preference for the HMD. These findings can be explained by not only the characteristic feature of the OST-HMD, namely, direct vision with overlaid images, but also the fact that it is a small, lightweight, and wireless apparatus due to advanced technology. In contrast, the surgeons reported some negative aspects of the HMD when answering the free question. The most commonly answered point was related to the movement of the HMD with one's head down to view the procedural site. Participants felt it was difficult to see the display when the HMD slid a little down the nose. Movement of the HMD needs to be restricted to a minimum without being too tight on the wearer's head. Another issue was the time lag when the needle was moving. Although this time lag is minimal and did not lead to any difference in the performance of the FNA, it might become a problem when the target organ is constantly moving (eg, heart or lung), or when the mass gets in motion by breathing. These technical limitations should be overcome to promote the application of OST-HMD to clinical settings, although newer techniques are being researched to decrease the lag time in the HMD use.
Another limitation of this study was the small number of patients, as our purpose was to make an initial assessment of ergonomics and the feasibility of using the HMD for ultrasound-guided procedures.
In conclusion, the present findings support the feasibility of binocular OST-HMD in ultrasound-guided FNA in the neck region. Importantly, ultrasoundguided interventional procedures are performed widely for both diagnostic and therapeutic purposes in almost any body region. Therefore, our findings indicate that OST-HMD has the potential to improve ergonomics in a broad range of clinical settings.
